The electrical method of eye movement recording (EOG) was used to study the reactions of the eyes when subjects attempted to fixate as quickly as possible on light stimuli appearing at various points along the horizontal plane. Each eye was recorded separately, allowing an assessment of the degree of independence of the eyes when reacting in this way. In addition to the data concerning latency of ocular reactions and the duration of eye movements, information regarding the relative speed of movements from periphery to center as compared to movements from center to periphery was obtained. It was also found that the two eyes tend to act independently in regard to latency and speed of movement when moving toward peripheral stimuli.
INTRODUCTION
THE study of eye movements has long been a T favorite of workers in physiological optics and experimental psychology. The topic is treated in almost every standard textbook in both fields. Tinker has published a review of recent research on the subject.' One trend noted by Tinker was a renewed interest in the nature of eye movements themselves, as opposed, for example, to interest in the efficiency of movements for reading.
In the course of a study of the delays involved in reacting to sequences of stimuli, a considerable amount of data was obtained concerning the latency and duration of eye movements as subjects attempted to fixate upon light stimuli appearing suddenly at various positions along the horizontal plane. This report presents those data.
APPARATUS AND METHOD
The electrical method of eye movement recording (electro-oculography, or EOG) was employed. This technique has been described in detail in an earlier paper.
2 In the present case the horizontal movements of each eye were recorded separately. To accomplish this, electrodes were placed next to the canthus of each eye and on both sides of the bridge of the nose. The potential changes accompanying the movements of the eyes were suitably amplified and then recorded on two channels of a light-writing oscillograph (Minneapolis-Honeywell Visicorder).
The visual stimuli were six small neon bulbs (type NE2H) placed both to the right and to the left of the fixation point such that they subtended visual angles of 10, 20, and 40 deg. Each light was 15 ft from the subject. The initial fixation point was a similar neon bulb mounted in line with the subject's position of forward gaze which remained on until a stimulus light was activated.
I . A. 'Tiinker, Psycliol. Bull. 54, 215 (1958) .
In each trial two of the stimulus lights were presented in sequence, the time between the onset of each light being varied from 50-800 msec. At the instant the first light (SI) was activated, the fixation light was extinguished. Si remained on until the second light (S 2 ) was activated, and then S 2 remained on until the experimenter ended the trial. For the purpose of this paper it is not necessary to list all the stimulus sequences used or the exact separations between the onset of Si and S 2 on the various trials, since we are primarily interested in aspects of the eyes' behavior which were not influenced by these variables.
An experimental session consisted of 120 trials, with each of the six stimulus lights serving as Si 20 times.
In each stimulus sequence, S 2 was 10, 20, or 30 deg visual angle either to the right or left of Si. Each of three subjects performed four such sessions of appropriately randomized trials.
The data obtained from the oscillographic records which are pertinent to our present interests were: (1) time from the onset of Si until each eye began to move from the original fixation point toward Si; (2) time taken by each eye to complete the movement from the original fixation point to SI; and (3) time taken by each eye to complete the movement from S, to S 2 .
RESULTS

Latency
Latency data are presented in Table I . Means and standard deviations for right and left eyes are presented for each of the three subjects. The number of records on which the calculations are based varies between 74 and 80, the specific N depending on the readability of the records. The latency of reaction to SI was not influenced by the S1-S 2 int.rval. The mean latencies may appear 210 VOLUME 52, NUMBER 2EYE MOVEMENTS IN to some as surprisingly long; but they are not surprising if it is remembered that in this situation the subjects were required to shift fixation to any one of six stimuli, with no knowledge of which stimulus would be presented. As Hackman 3 showed, knowledge of the stimulus location is a major factor in determining latency. For the more peripheral stimuli, latency increases. In all likelihood, this effect is attributable to retinal factors, for the simple reaction time in responding in any way to visual stimuli shows it also. In any case, since all six stimuli were identical there is no basis other than retinal to which the change may be assigned.
Each oscillographic tracing shows, independently, the response of the two eyes. In many cases such records show that the times for initiating the eye movements and the speeds of movements vary slightly from one eye to the other. Typically, when there is a difference, the left eye begins its motion a short time before the right eye when the stimulus is to the left, and the right eye begins before the left when the stimulus is to the right. The point is illustrated in Table I , showing the mean latencies of each eye to the six positions. Table I express the variability in a conventional statistical index. The character of the variability is illustrated in Fig. 1 , showing the distribution of the latencies for the right eye. In preparing this graph the data for all three subjects were pooled as were the right and left positions for each of the three stimulus locations. Each of the three distributions is skewed to the right; a small percentage of the latencies are so very long as to render untenable the hypothesis that all the latencies are drawn from a normal distribution about a mean time value. In such circumstances, it is often useful to discuss the average latency in terms of medians, and the variations in terms of percentiles. Figure 1 affords such an analysis. Table II shows the mean time occupied in executing the movements. The data are broken down by subject, eye, and position. Average velocity of movements increases the greater the extent of movement required. For these three subjects, however, there is a slightly greater mean speed for the right eye if the movement is to the left, and for the left eye if the movement is to the right. If the data for the two eyes are pooled (as is done electrically in typical eye-movement records that do not show separate recordings for the two eyes), the movements to the right appear to be faster than those to the left. Note, however, the differences among subjects. For the right eye, subject W shows faster movements to the left whereas B and E are faster to the right. Generalizations about speeds of movement in one direction or another must be made with caution.
Standard deviations cited in
Speed of Movement
There is some variation, particularly for the wider excursions, in the time required for executing a movement. Table III give the following mean values: (1) for a 100 movement, 39 msec, (2) for a 20° movement, 55 msec, (3) for a 40°m ovement, 100 msec. It can be seen that these values are approximately 30 msec less than the corresponding values reported in the present study. This difference could be due, in part, to each of three circumstances. First, the subjects knew the location of the point to which they were to move in the earlier studies, while they were to move to any one of six positions in the present study. It has already been shown that this situation leads to a considerable increase in the latency of the ocular reaction. It is doubtful that the speed of movement would be affected to any great degree by these circumstances, but the possibility exists that such may be the case.
Second, the electrical technique of recording the eye movements may introduce time delays not present in the optical techniques used by the earlier workers. This is undoubtedly the case, but it certainly cannot account for differences as great as 30 msec. The frequency response of the recording instrument used, the Visicorder, is supposed to be better than 1000 cps.
The third, and by far the most likely, source of the difference between the present results and those reported earlier lies in the technique used in reading the time data from the records. The problem is that there is no exact way of determining when a movement begins and when it is completed. Each researcher establishes his own criteria. If these criteria are adhered to throughout the data reading, his data should be internally consistent. The absolute values reported by different investigators can be significantly different because of this, however, so it does not appear to be of much use to compare such results except for the purpose of establishing a general range of movement times. In the study which produced the data quoted by Woodworth and Schlosberg, 4 for Latency  293  253  242  249  247  276  Duration  122  88  71  74  90  121  Total  415  341  313  323  337  397   Left eye  Latency  288  248  236  253  254  283  Duration  134  93  73  67  81  111  Total  422  341  309  320  335  394 example, the light beam used for recording the movement of the eyes was interrupted 100 times a second, and the duration of the movements was obtained by counting the number of dashes between the points on the record which represented the positions of the eyes before and after the movement. This technique would obviously result in a low estimate since it takes no account of the very onset of movement or of the termination of movement when the eye moves relatively slowly to its final fixation position.
Total Response Time
The total time for fixating consists of the latent period and the movement time. Correlational analysis shows no relationship between the two; the movement to a target may be slow or fast irrespective of the latent time in initiating the movement. Thus the mean total time is the sum of the two component durations. Table IV shows the means for the pooled data for three subjects. An interesting feature of these means is that the difference in latencies between the two eyes is nearly matched by a counter difference in durations of movements, so that the mean time to fixate a target at any angle is very nearly the same for the two eyes. 
Inward Versus Outward Movements
All excursions involved in the discussions above were from the center to the periphery, and the eye was fixated upon the center for several seconds prior to the initiation of the movement. Immediately following this movement, however, the subjects were required to fixate upon a second target at some position either more central or more peripheral than the first, so there are data available to compare the speeds of movements toward the center with those toward the periphery. indicated that there is greater speed when in the central direction; and these data corroborate the point by showing that it applies also to a movement following directly afterward. For the second movements, the similarity of mean durations in the right and left quadrants is impressive.
DISCUSSION
These data are presented simply as empirical findings, and no attempt will be made to explain some of the phenomena which were noted. It must be remembered that these results were obtained with a specific type and value of visual stimulus, so the absolute values quoted will not hold for all other situations. The problem concerning the absolute value of the duration of eye movements has already been discussed. The interesting findings, however, deal with relative values of these durations, so are not affected by the uncertainty of our evaluation.
